Purpose: Mutations in the cyclin-dependent kinase-like 5 (CDKL5) gene are associated with epileptic encephalopathy and severe cognitive impairment. We aim to characterize the association between this gene and treatment efficacy. Methods: We retrospectively analyzed 10 patients who were treated at Severance Children's Hospital for epileptic encephalopathy who were subsequently diagnosed with a CDKL5 mutation using next-generation sequencing. Results: Electroencephalography (EEG) results showed generalized pattern abnormalities in 60% (6/10) of patients with CDKL5 mutations. We analyzed the effects of three treatments, namely antiepileptic drugs (AEDs), ketogenic diet (KD), and steroids. A more than 50% reduction in seizures was observed in 12% (1/8) of patients treated with clobazam. KD treatment proved ineffective in most cases. In addition, a more than 50% reduction in seizures was observed in 57% (4/7) of patients treated with steroids. EEG analysis of patients treated effectively with steroids revealed that 75% (3/4) showed hypsarrhythmia and 25% (1/4) showed focal epileptiform. Conclusion: In this study, as in other studies, AEDs and KD did not effectively control seizures in most patients with a CDKL5 mutation. However, steroid therapy reduced the frequency of seizures in patients who also exhibited hypsarrhythmia. This suggests that steroid treatment is helpful in cases of hypsarrhythmia with CDKL5 mutations.
Introduction
Mutations in the cyclin-dependent kinase-like 5 (CDKL5) gene are associated with severe cognitive impairments and early epileptic encephalopathy, such as infantile spasm. These mutations are mainly expressed in women [1, 2] . Accordingly, the CDKL5 mutation was found in two female patients with severe cognitive impairment with an infantile spasm in 2003 [1] . The CDKL5 mutation with CDKL5 mutations in early infancy are typically characterized by tonic seizures or muscle contractions with vibration, followed by a clonic phase with a series of spasms that gradually turn into rhythmic distal myoclonic jerks [7] . There is, however, no characteristic electroencephalography (EEG) pattern in patients with a CDKL5 mutation [7] [8] [9] [10] ; EEG can present, initially, as normal background activity in patients with this mutation [9, 10] . Although patients with CDKL5 mutations show a transient response to various antiepileptic drugs (AEDs), they are generally difficult to treat and are unresponsive to most intractable epilepsy treatment [11] .
The purpose of this study was to analyze the characteristics of CDKL5 mutations in patients from a single center, as well as to confirm the efficacy of therapy.
Materials and Methods
We retrospectively analyzed 10 patients with CDKL5 pathogenic mutations, diagnosed at Severance Children's Hospital, Seoul, South Korea. Patients were reassessed at every outpatient clinic. The patient's response to the drug was categorized into four groups: (1) patient was seizure free for more than 6 months; (2) seizures were reduced by more than 50%; (3) seizures were reduced by less than 50%; or (4) no effect. If the patient does not affect the clinical symptoms, the drug or treatment method will be added or changed. In this case, we have assessed the treatment methods and drugs we want to investigate. In this study, when steroid was chosen as treatment options, we prescribed prednisolone. It was used at 40 to 60 mg/day for 2 weeks and then tapered off for 2 weeks [12, 13] .
All children underwent several analyses, including next-generation genetic sequencing, routine EEG recordings, and video EEG recordings. The EEG terminology used in this study is based on a paper published by Kane et al. [14] in 2017.
Genomic DNA extracted from all individual samples was used for library preparation and target capture using custom panels targeting candidate genes. The databases used for analysis and mutation analysis include online Mendel inheritance, Human Gene Mutation Database, ClinVar, dbSNP, 1000 Genome, Exome Aggregation Consortium, Exome Sequencing Project, and Korean Reference Genome Database. All pathogenic and possible pathogenic variants were identified by Sanger sequencing. All patients underwent video EEG recording at the first evaluation and routine EEG recording at the follow-up evaluation. Routine EEG recordings were performed for an average of 30 minutes and video EEG recordings were performed for more than 4 hours. Scalp electrodes were placed according to the International 10-20 system. This study was approved by the Institutional Review Board of Severance Hospital (4-2016-0080). Informed consent was waived due to the retrospective nature of the study.
Results
We identified a CDKL5 pathogenic mutation in 10 patients (eight women, two men). Amongst all patients, the average age at seizure onset was 3.6 months (range, 0.6 to 11). Six patients with the mutation demonstrated generalized abnormalities in the first EEG recording; two patients showed hypsarrhythmic patterns, one showed EEG suppression patterns, two patients showed generalized sharp and wave discharges, and one patient showed generalized slow and disorganized background abnormalities. In total, four patients showed hypsarrhythmic patterns during the study period. Three patients demonstrated regional epileptiform discharges and one patient demonstrated regional paroxysmal fast activities on EEG. All patients exhibited motor seizures and six patients exhibited spasms. One of the patients who exhibited spasms did not show subsequent motor seizure. Brain magnetic resonance imaging data appeared normal in most cases, and we found no focal abnormalities. There was a significant delay in cognition in nine of the 10 patients who underwent cognitive testing. Details on genetic and clinical features of patients can be found in Tables 1 and 2 .
We compared the effects of AEDs such as valproic acid (VPA), clobazam (CLB), and vigabatrin (VGB) on seizures. Additionally, we evaluated the effects of steroids and ketogenic diets (KDs) on seizures. Eight of the 10 patients used VPA, six of whom reported no effects, and two reported a less than 50% reduction in the frequency of seizures. Nine patients used CLB, four of whom had a less than 50% seizure reduction, three had no effect, and one had a more than 50% seizure reduction. Seven patients used VGB, five of whom reported no effects, and two reported a less than 50% re- duction in the frequency of seizures. Eight patients were on KDs, seven of whom reported no effect and only one of whom had a less than 50% reduction in the frequency of seizures (Table 3 ). In addition, seven patients used steroids, one of whom reported no seizures for more than 6 months, and three of whom reported a reduction in frequency of seizures by more than 50%. EEG results in the patient who remained seizure-free for more than 6 months showed regional epileptiform when seizures first occurred (age, 0.6 months), but no slowing pattern. These three patients under steroids with a reduction of more than 50% in the frequency of seizures showed hypsarrhythmia on EEG.
Discussion
Patients with a CDKL5 mutation often present with epileptic encephalopathy, which is a challenging condition to treat, and has been reported to be only temporarily affected by AEDs [11, 15, 16] . Therefore, the treatment goal for these patients involves improving their quality of life and achieving, at minimum, a slight reduction in the frequency of seizures [11] . CDKL5 mutation is a causative mutation of infantile spasm, so treatment with steroid has also been tried in some cases [12, 13, 15] . One study reported that seizures were not completely abolished in patients with CDKL5 mutations, but KD and some drugs, such as VGB, have helped to reduce the frequency of seizures [15, 16] . LGS, Lennox-Gastaut syndrome; NL, normal; EIEE, early infantile epileptic encephalopathy; EME, early myoclonic encephalopathy; GTC, generalized tonic-clonic. In the current study, we investigated 10 patients with the CDKL5 mutation, who were being treated with VPA (n = 8), CLB (n = 8), and/or VGB (n = 7). Five patients were being treated with a combination of all three drugs. Except for one patient who showed a more than 50% reduction in the frequency of seizures on CLB, most drugs yielded a less than 50% reduction in the frequency of seizures. There was no effect in six of the eight patients on VPA, and five of the seven patients on VGB. With CLB, however, only three of the eight patients reported no effect, four patients reported a less than 50% reduction, and one patient reported a less than 50% reduction. Based on these findings, CLB seems to be the most effective among the three drugs in reducing seizures.
We also studied the effect of a KD on seizure reduction. Eight patients were on a KD, and seven of them did not show any reduction in seizures. This seems to be different from previous studies that ketone-producing diets are most helpful in reducing the frequency of seizures [15] . However, this study has been studied with a small number of patients, so further studies are needed.
Seven patients were treated with steroids for seizure control. One of them maintained a seizure-free condition for more than 6 months, and three patients reported a more than 50% reduction in seizures. EEG results showed that four patients had hypsarrhythmia, three of whom also demonstrated a more than 50% reduction in seizures under steroid therapy. This suggests that steroid, a treatment option for infantile spasm, can also be a good treatment option for patients with CDKL5 mutations when they present with hypsarrhythmic EEG.
Contrary to previous studies, the AED and KD were not effective in CDKL5 mutation patients. However, in the case of hypsarrhythmic pattern on EEG, the steroid treatment showed a more than 50% seizure reduction effect (three-fourths). Currently, steroid therapy for infantile spasm is widely used and proven effective [12, 13] . This study suggests that steroid treatment can also be helpful in cases of infantile spasm with a CDKL5 mutation who have a hypsarrhythmic EEG.
Due to the small number of patients included in this study and the limitations of the retrospective study, it is difficult to obtain reliable results, and some results show different results from previous studies. So, further studies will be needed in the future. In addition, this study evaluated the correlation with only interictal EEG pattern. This is also a limitation of this study and further research is needed.
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